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AN  ATTEMPT  TO  OXIDIZE  GLUCOSE  BY  INDUCTION. 

I 

Introduction. 

This  work  has  been  undertaken  in  the  hope  of  finding  a 
method  by  which  glucose  could  be  determined  by  oxidation.     It  was 
decided  to  attempt  to  find  reactions  by  which  it  could  be  oxidized 
by  induction  in  the  presence  of  a  substance  more  easily  oxidized 
than  glucose  itself. 

To  illustrate  what  is  meant  by  such  induced  reactions,  let  us 

consider  the  oxidation  of  sodium  arsenite  in  the  presence  of  sodium 
d) 

sulfite.  When  an  aqueous  solution  of  sodium  arsenite  is  shaken 

up  in  air,  it  is  not  oxidized.     On  the  other  hand  sodium  sulfite 
under  the  same  conditions  is  easily  oxidized.    Now  when  a  mixture 
of  the  solutions  of  these  two  salts  is  treated  in  the  above  manner 
not  only  the  sodium  sulfite  but  also  the  sodium  arsenite  is  oxidized. 
This  example  shows  the  manner  in  which  a  slow  or  nonexistant  reaction 
is  accelerated  or  induced  by  a  simultaneous  occurring  rapid  reaction. 
Such  reactions  are  called  by  F.  Kessler,  who  first  investigated 
them  induced  reactions.     The  faster  reaction  is  called  the  primary 
reaction;  that  one  which  appears  to  be  induced,  or  forced  along  by 
contact  with  the  primary  reaction  is  called  the  secondary  reaction. 
The  substance  taking  part  in  both  reactions,   in  the  above  case  the 
oxygen  of  the  air,  is  called  the  actor;  that  which  takes  part  in 
the  primary  reaction,  sodium  sulfite  in  the  example  cited,  is  called 
the  inductor,  and  the  substance  induced,  or  taking  part  in  the  sec- 
ondary reactions  is  called  the  acceptor,  the  sodium  arsenite  being 
the  acceptor  considered  above. 
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F.  Kessler  between  the  years  of  1855  and  1863  published 

(2) 

considerable  data  upon  such  reactions.  In  1863  he  compiled 

the  results  of  various  investigators,  some  which  are  given 
below. 

(Actor) 


( Inductor ) 
Ferrous  salt 


chloric  acid 
chromic  acid 


(Acceptors ) 
Indigo  blue 
Iodine 
Oxalic  acid' 
Tartaric  " 


"  "         permanganic  " 

Arsenius  acid  "  "  " 
Antimonious  salt  "  "  " 
Ferrous  salt        chromic  acid 


glucose 


Cuprous 


Obervers 
Schoenbein 


(2) 
Kessler 


(3) 
Bopp 


gators 


Between  the  years  of  1893  and  1903,  a  number  of  investi- 
(2) 

investigated  the  action  of  H  0o, chloric  acid,  permangan- 


ate,  and  the  persulfates  upon  K.I.  Indigo,  tartaric  acid,  thio 

sulfates  etc.  as  acceptors,  in  the  presence  of  ferrous  salts  acting 

(4) 

as  inductors.     In  1907  W.  Lash  Miller      discussed  the  mechanism 

of  such  induced  reactions,  questioning  the  conclusions  of  earlier 

writers  upon  the  subject.    Since  1907  there  seems  to  have  been 

no  work  carried  on,  having  induced  oxidation  as  its  direct  object, 

altho  induced  reactions  are  mentioned  incidentally  in  the  work 

reported  by  J.W.  Glattfield  upon  the  oxidation  of  glucose  by  air 

as  well  as  H  0  ,  in  the  report  of  T.  warynecki  (1913)  on  the 
2  2 

acceleration  of  the  oxidation  of  SnCl    by  FeGl^  in  alkaline  solu- 

2  2 

tions,  and  in  the  report  of  K.  Schroeder,  who  found  that  in  the 


/ 
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determination  of  MnO  by  means  of  oxalic  acid,  the  oxygen  of  the 
air  in  the  presence  of  the  manganese  salts  decomposes  considerable 
amounts  of  oxalic  acid,  and  that  the  presence  of  Ti02  greatly 
accelerates  this  reaction.     He  found  also  that  in  ordinary 
titration  of  potassium  permanganate  with  oxalic  acid  a  similar 
oxidation  by  means  of  air  took  place.    This  is  due  to  formation 
of  H202. 

Almost  no  attempt  has  been  made  to  oxidize  glucose  by 
(3) 

induction.  W.  Bopp  in  1855  oxidized  a  solution  of  a  ferrous 

salt  with  chromic  acid  solution.    Then  he  added  glucose  to  the 
ferrous  salt  solution  and  repeated  the  process,  after  finding  that 
chromic  acid  by  itself  does  not  oxidize  glucose  solution.  His 
results  were:- 

19.3cc  Ferrous  salt  without  glucose3 1 9. 7cc  Chromic  acid 
19.3cc      "  "    with  glucose=22.3cc  " 

The  experimental  results  given  below  fail  to  confirm 
this  supposed  case  of  oxidation  of  glucose  by  induction. 

JL. 

Experimental  Results. 
In  this  work  we  have  titrated  a  number  of  common  reducing 
agents  with  common  oxidizing  agents  in  the  presence  and  absence 
of  glucose.     Since  glucose  itself  is  slightly  oxidized  at  room 
temperatures,  by  certain  of  the  oxidizing  agents  used,  it  was  to 
be  expected  that  titrations  run  in  the  presence  of  glucose  would 
require  slightly  larger  volumes  of  the  oxidizing  agent.     But  in 
no  case  did  the  discrepancy  between  the  results  of  titration  in 
the  presence  of  glucose  and  those  in  the  absence  of  glucose  tend 
to  increase  with  increasing  amounts  of  the  reducing  agent  or 
inductor.      The  result  of  this  work  is  therefore  negative  and  we 


4. 

conclude  that  it  is  not  possible  to  make  use  of  an  induced  reaction 
in  the  titration  of  glucose  by  oxidation  using  any  of  the  oxidizing 
and  reducing  agents  in  the  combinations  listed  below. 

Iodine  (actor)  and  Sodium  Thiosulfate  (inductor) 
Titrated  a  solution  of  Na  S  07  approximately  N/10,  with  an 
approximately  N/10  solution  of  I  in  K  I,  each  titration  being  made 
acid  by  the  addition  of  20cc  of  (1-5)  HgSo4.     Repeated  the  process 
but  added  25cc  glucose  solution  (100cc=1  gm.  glucose)  to  the  Na2S20 
solution  before  titrating  with  the  iodine.     The  amount  of  iodine 
solution  used  is  the  same  in  both  sets  of  titrations.    Reversed  the 
processes,  adding  the  glucose  to  the  iodine  and  titrating  with  the 
Na2S2°3*    The  results  were  the  same  as  before;  i.e.  glucose  was 
not  oxidized. 


Ma  S90,  lodine(no  glucose)     Iodine(glucose  1  gm.=100cc) 
2  c>  O 

24.75  25  25  (25cc  glucose) 

24.75  25  25  (25cc  glucose) 

24.75  25  25  (50cc  glucose) 

25  25.3  25.3  (25cc  glucose) 

25  25.3  25.3  (25cc  glucose) 

25  25.3  25.3  (50cc  glucose) 

25  25.3  25.3  (50cc  glucose) 


Repeated  this  work  in  neutral  solution,     as  in  the  above 
case  there  was  no  induction. 


Na3As03 

12.55 

12.55 

12.55 

12.55 

12.55 

12.55 


Iodine  (glucose  1gm.  per  100 


5. 

Iodine  (actor)  and  Sodium  Arsenite  (inductor) 
Titrated  an  approximately  N/5  aqueous  sodium  arsenite 
solution  with  a  N/10  solution  of  I  in  K  I,   in  the  usual  manner. 
Repeated  the  titration  after  adding  25cc  glucose  solution  (1  gm. 
glucose  per  100cc  solution)  to  the  sodium  arsenite  solution.  The 
titrations  required  the  same  amounts  of  iodine  solution  without,  as 
as  with  the  glucose  present. 

Iodine  (no  glucose) 
30 
30 
30 
30 
30 
30 

Iodine  (actor)  and  Sulfurous  acid 
Titrated  an  approximately  N/10  solution  of  iodine  in  K  I 
with  an  approximately  N/10  solution  of  sulfurous  acid.     Repeated  the 
titrations  after  adding  glucose  solution  to  the  HgSo^,  solution. 
The  two  sets  of  titrations  required  the  same  amount  of  iodine 
solution. 


30 
30 
30 
30 
30 
30 


25cc  glucose) 
25cc  glucose) 
50cc  glucose) 
50cc  glucose) 
100cc  glucose) 
100cc  glucose) 
inductor) 


H^So, 
c6  1 

25 

25 

25 

25 

25 


Iodine  (no  glucose) 
cc 

30 

30 

30 

30 

30 


Iodine  (glucose  1  gm.per  100 
cc 

30  (25cc  glucose) 
30  (25cc  glucose) 
30  (25cc  glucose) 
30  (50cc  glucose) 
30  (50cc  glucose) 


3C) 


iC  ) 


6. 

Iodine  (actor)  and  Stannous  Chloride  (inductor) 
Titrated  varying  amounts  of  approximately  N/10SnClp 
solution  with  an  approximately  N/10  iodine  K  I  solution.  Repeated 
these  titrations  after  adding  glucose  solution  (1  gm.  per  100cc  sol.) 
to  the  SnCl^.     The  titrations  required  the  same  amounts  of  iodine 
solution  with  glucose  present  as  without  it. 

SnClg  Iodine  (no  glucose)     Iodine (glucose) 

30.3  30  30  (25cc  glucose) 

30.3  30  30  (25cc  glucose) 

30  29.7  29.7  (25cc  glucose) 

30  29.7  29.7  (25cc  glucose) 

30  29.7  29.7  (25cc  glucose) 

30  29.7  29.7  (50cc  glucose) 

Repeated  this  work  using  a  solution  of  stannous  chloride 
to  which  an  excess  of  NaOH  had  been  added.     As  in  the  above  case, 
the  presence  of  the  stannous  salt  did  not  induce  oxidation  of 
the  glucose. 


Potassium  permanganate  and  Sodium  Thiosulfate. 

Titrated  30cc  approximately  N/10  Na  So0,  solution  with  appro* 
imately  N/10    KMn04  solution,  in  acid  solution  made  acid  by  adding 
2occ  (1-5)  HgSo4  to  each  titration.    Repeated  these  titrations 
after  adding  25cc  glucose  solution  (.25  gm.  per  100cc  solution) 
to  the  sodium  thiosulfate.    All  titrations  were  carried  on  in  the 
cold  and  without  standing.    The  amounts  of  KMn04  used  for  both 
sets  of  titrations  were  the  same. 


7. 

KMn04  (without  glucose)  KMn04(25cc  glucose] 
20.8  20.8 
20.8  20.8 
20.8  20.8 

potassium  Permanganate  and  Potassium  Ferrocyanide. 

Potassium  ferrocyanide  approximately  N/10  solution  was  titrated 
with  an  approximately  N/10  KMn04  solution,  before  and  after  adding 
glucose  to  the  K4Fe(CN)g  solution.    The  titrations  were  carried 
out  in  the  cold,  without  standing  and  in  acid  solution,  made  acid 
by  adding  20cc  (1-5)  HgSo4  to  each  titration.    The  results  show  some 
variation  when  glucose  was  used  but  the  difference  is  hardly  enough 
to  establish  any  induction. 


KMn04 
23.8 

Glucose 
(100cc=.25  gm. glucose) 
0 

K4Fe(CN)6 
30 

£3.9 

0 

30 

23.8 

0 

30 

24. 1 

25 

30 

24.1 

25 

30 

24.3 

50 

30 

20 

0 

24.7 

20 

0 

24.7 

20 

25 

24.3 

20 

25 

24.35 

20 

50 

23.85 

20 

50 

23.85 

Na2S203 

30 

30 

30 


J 
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potassium  Permanganate  (actor)  and  Oxalic  acid  (inductor) 

An  attempt  was  made  to  titrate  approximately  N/10  oxalic 

acid  with  approximately  KMn04  with  and  without  the  presence 

of  varying  amounts  of  glucose.     The  solutions  were  heated  to  a 

temperature  of  65  degrees  centigrade  before  being  titrated.     In  som< 

cases  the  KMn04  solution  was  heated  to  boiling  and  titrated  with 

the  oxalic  acid.     In  all  cases  the  results  varied  greatly.  It 

was  found  that  glucose  is  oxidized  by  KMn04  alone,  and  that 

temperature  conditions  influence  the  amount  of  this  oxidation 
(8) 

very  much.  It  has  also  been  found  by  other  investigators, 

that  the  oxygen  of  the  air,  due  to  the  formation  of  Hg02  influences 
the  titration  of  KMn04  with  oxalic  acid,  this  being  also  a  function 
of  the  temperature.     The  variation  in  the  results  can  therefore 
possibly  be  ascribed  to  these  influences.     Since  constant  temper- 
ature conditions  could  not  be  maintained  these  results  can  hardly 
be  interpreted  correctly.     All  titrations  were  carried  on  in  acid 
solution  made  acid  by  the  addition  of  20cc  of  (1-5)  HgSo4  to  each 
titration. 

Potassium  Permangante  and  Oxalic  acid. 


KMn04  Glucose  Oxalic  acid 

100cc=1/4  gm. 

cc  cc  cc 

27.5  0  30 

27.5  0  30 

31.5  Temp.55C.-65C.  5  30 

31.4     "  "  5  30 

31.4     "  "  5  30 

35.3     "  "  10  30 
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Potassium  permangante  and  Oxalic  acid. 


KMn04 

Glucose 

Oxalic  acid 

10000*1/4  gm. 

cc 

cc 

cc 

35.35 

Temp . 

55G . -65C . 10 

30 

43.6 

"  25 

30 

30 

•t 

0 

32.35 

30 

II 

If  y-s 

"  0 

32.5 

30 

Boil 

5 

24.0 

30 

if 

5 

24.2 

30 

5 

23.9 

30 

5 

23.8 

Potassium  Dichromate  and  Ferrous  Ammonium  Sulfate 
(inductor)  (actor) 

Titrated  varying  amounts  of  ferrous  ammonium  sulfate, 
approximately  N/10  solution,  with  N/10, approximately,  potassium 
dichromate  solution,  each  titration  being  made  acid  with  20cc  of 
(1-5)  H2S04.    Repeated  each  titration  after  adding  glucose  solution 
(1  gm.  glucose  per  100cc  sol.)  to  the  ferrous  ammonium  sulfate. 
The  amount  of  K^Cr^On  used  in  each  set  of  titration  was  the  same 
for  equal  amounts  of  ferrous  ammonium  sulfate. 


PeNH4So4  K2Cr2°7(without  glucose)  K2Cr202( glucose ) 

10  10.3  10.3(25cc  glucose) 

10  10.3  10.3(25cc       "  ) 

20  20.5  20.5(25cc       "  ) 

20  20.5  20.5(25cc       "  ) 

30  30.75  30.75(25cc     "  ) 

30  30.75  30.75(25cc     "  ) 

30  30.75  30.75(50cc     "  ) 


10. 

Potassium  Dichromate  (actor)  and  Ferrous  Sulfate  (inductor) 
(Chromic  acid) 

Varying  amounts  of  approximately  N/10  ferrous  sulfate  were 
titrated  with  approximately  N/10  KgCr^O^,  in  a  solution  made  acid 
by  the  addition  of  20cc  (1-5)  HgSo4  to  each  titration.  Repeated 
these  titrations  after  adding  5cc  glucose  solution  (100cc=.25  gm. 
glucose)  to  the  FeSo4  solution.    The  amount  of  KgCrgO?  required 
was  the  same  in  both  sets  of  titrations.     Repeated  using  varying 
amounts  of  glucose,  with  the  same  result.    Reversed  the  process, 
adding  the  glucose  to  the  K2Cr207  and  titrating  with  FeSo4«  Results 
agreed  with  the  above;  i.e.  glucose  was  not  oxidized  by  the  chromic 
acid  alone  or  in  the  presence  of  FeSo^. 

Ferrous  Sulfate    K2Cr207(no  glucose)  K2Cr207 ( 5cc- ( .25gm.per100cc)gluc ose) 


5 

4.2 

4.2 

10 

8.5 

8.5 

15 

12.75 

12.75 

20 

16.8 

16.8 

25 

21  .1 

21  .1 

30 

25.3 

25 . 3 

15 

12.75 

12.75  (10cc  glucose) 

15 

12.75 

12.75  (20cc  glucose) 

15 

12.75 

12.75  (40cc  glucose) 

K2Cr20? 

FeSo4(no  glucose) 

FeSo4(5cc  glucose=.25  gm.=l00cc) 

5 

5.9 

5.9 

10 

11.9 

11.9 

15 

17.7 

17.7 

20 

23.6 

23.6 

25 

28.6 

28.6 

11. 

K  Cr  0„        FeSo  (no  glucose)     FeSo  (5cc  glucose=.25  gm.=100cc) 
30  35.4  35.4 

10  11.9  11.9  (10cc  glucose) 

10  11.9  11.9  (15cc  glucose) 

10  11.9  11.9  (20cc  glucose) 

10  11.9  11.9  (40cc  glucose) 

Potassium  permanganate  (actor)  and  Ferrous  Ammonium  Sulfate  (inducto||?) 

Carried  on  a  series  of  titrations  with  varying  amounts  of 
approximately  N/10  KMnO^  and  approximately  N/10  ferrous  ammonium 
sulfate,  in  acid  solution  made  acid  by  the  addition  of  20cc(  1-5 )HgSo  j. 
to  each  titration.    Repeated  with  glucose  present  by  adding  glucose 
to  the  ferrous  ammonium  sulfate  and  then  adding  an  excess  of  KMnO^. 
After  allowing  the  solutions  to  stand  thirty  minutes,  titrated 
back  with  ferrous  ammonium,  sulfate.     Plotted  the  amounts  of 
ferrous  sulfate  used, against  the  amounts  of  KMn04  used,  both  with 
and  without  the  presence  of  5cc  glucose  solution  (.25  gm.  per  100cc 
solution).    The  vertical  distance  between  the  two  curves  represents 
the  amount  of  KMnO^  consumed  in  the  presence  of  the  given  amount 
of  ferrous  ammonium  sulfate. 

If  there  were  any  oxidation  of  the  glucose  by  induction 
this  action  would  be  expected  to  increase  as  the  ratio  of  inductor 
to  acceptor  increases;  i.e.  with  increasing  amounts  of  glucose. 
In  such  a  case  the  vertical  distance  between  the  two  curves  would 
become  greater  and  greater  as  we  proceed  across  the  diagram  from 
left  to  right.     As  a  matter  of  fact  no  such  a  tendency  is  observed 
the  curves  remaining  nearly  parallel  throughout  their  whole  length 
and  even  tending  to  approach  each  other.    We  therefore  conclude 
that  there  is  no  evidence  of  an  induced  reaction  in  this  case. 


12. 

KMnO  Ferrous  Ammonium  Sulfate 


5.55 

5.55 

5 

5 

11.1 

11.1 

10 

10 

16.65 

16.65 

15 

15 

22.20 

22.20 

20 

20 

27.75 

27.75 

25 

25 

33.3 

33.3 

3D 

38.8 

38.9 

35 

35 

44.4 

44.5 

40 

40 

49.95 

49.9 

45 

55.5 

55.5 

50 

Glucose  ( 100cc= .25gm. ) 

5.3 

5.3  5cc 

0 

0 

10.45 

10.45  5cc 

5 

5 

16.1 1 

16.01  5cc 

10 

10 

21.01 

21.11  5cc 

15 

15 

26.0 

26.0  5cc 

20 

20 

31  .12 

31.12  5cc 

25 

25 

36.12 

36.00  5cc 

30 

30 

41.12 

41.00  5cc 

35 

35 

46.12 

46.00  5cc 

40 

40 

51 .00 

51.12  5cc 

45 

45 

56.00 

56.00  5cc 

50 

50 

Pothssium PezmkngrnhteZ,  Ferrous  Ammonium  Sulfktz. 
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54 
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13. 

potassium  permanganate  (actor)  and  potassium  Sulfocyanide  (inductor) 

Carried  on  a  series  of  titrations  with  varying  amounts  of 

approximately  M/10  KMn04  and  KCNS  solutions,  with  and  without  the 

presence  of  5cc  glucose  solution  (.25  gm.  per  100cc  solution).  The 

KCNS  was  placed  in  a  flask;  to  this  was  added  20cc(1-5)  H0So. 

and  an  excess  of  KMnO^,  together  with  the  glucose  solution.  This 

was  allowed  to  stand  at  room  temperature  for  thirty  minutes  and 

then  the  excess  KMn04  was  titrated  back  with  KCNS. 

The  amounts  of  KCNS  and  KMnO    used,  with  and  without  the 

4 

presence  of  glucose,  were  plotted  against  each  other.     The  vertical 
distance  between  the  two  curves  represents  the  amount  of  KMnO^ 
used  by  the  glucose  in  the  presence  of  KCNS.     The  curves  run  almost 
parallel  to  each  other,  leading  us  to  conclude  the  the  KCNS  did 
not  induce  the  oxidation  of  the  glucose  by  the  KMnOA • 


cc 

cc 

KMnO. 
4 

KCNS 

5.1 

5.1 

5 

5 

10.2 

10.2 

10 

10 

15.4 

15.3 

15 

15 

20.4 

20.4 

20 

20 

25.5 

25.5 

25 

25 

30.6 

30.5 

30 

30 

35.7 

35.7 

35 

35 

40.8 

40.9 

40 

40 

45.9 

46.0 

45 

45 

51  .1 

51.0 

50 

50 

U.  Or  I.  S.  S.  FORM  3 


14 


cc  cc 

KMnO,  KCNS 
4 

Glucose  (100cc=.25  gm. 


2.5 

2.1 

5cc 

0 

0 

10.1 

10.2 

5cc 

5 

5 

13.88 

13.88 

5cc 

10 

10 

19.88 

19.78 

5cc 

15 

15 

23.88 

23.78 

5cc 

20 

20 

28.78 

28  78 

5cc 

25 

25 

33.1 

33.1 

5cc 

30 

30 

38.1 

38.2 

5cc 

35 

35 

43.1 

43.1 

5cc 

40 

40 

48.1 

48.0 

5cc 

45 

45 

53.0 

53.2 

5cc 

50 

50 

Hydrogen  Peroxide  (actor)  and  Ferrous  Ammonium  Sulfate  (inductor) 

Carried  on  a  series  of  titrations  with  varying  amounts  of 

approximately  N/10  H^Og  and  ferrous  ammonium  sulfate  solutions  with 

and  without  the  presence  of  5cc  glucose  solution,   (.25  gm.  per  lOOcc 

solution) .     The  solution  were  made  acid  by  the  addition  of  20cc 

(1-5)  H  So„  to  each  titration. 
2  4 

The  amounts  of  ferrous  ammonium  sulfate  and  HgOg  used,  with 
and  without  the  presence  of  glucose,  were  plotted  against  each  other. 
The  curves  run  almost  parallel  to  each  other,  tending  to  prove  that 
the  ferrous  ammonium  sulfate  did  not  induce  the  oxidation  of  the 
glucose  by  Ho0o. 


15. 

Ferrous  Ammonium 

Sulfate 

H2°2 

cc 

cc 

5-5 

5.3-5.3 

10-10 

10.6-10.6 

15-15 

15.9-15.9 

20-20 

21.2-21 .2 

25-25 

26.5-26.5 

30-30 

31 .8-31 .8 

35-35 

37.1-37.1 

40-40 

42.4-37.4 

50-50 

Glucose 
100cc  sol. =1/4  gm. 

53.0-53.5 

cc 

cc 

CC 

10 

5 

13.0 

10 

5 

13.0 

20 

5 

24.45 

20 

5 

24.45 

30 

5 

35.5 

30 

5 

36.0 

40 

5 

45.9 

40 

5 

45.9 

50 

5 

56.3 

50 

5 

56.5 

7.67-7.67 

5-5 

10.6-10.6 

Hydrogen  Peroxide  &  Ferzous  Ammonium  Sulfate 


50. 


» 


40 


1 


GrhphA-  5c  c-  Glucose  Solution 
Grkphl0)-  Without  Glucose. 


sot 

St 

p 

O 


Glucose *-Z5Gmj.  Fez?  /OO  c'c  Jo/.. 


1 


'0. 


Ferrous  Ammonium  Juleate. 

JO       IS       ZO       ZS      ZO      35       +0      4S  SO 


u.  of  t.  s.  s.  ro*M  3 
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Iodine  (actor)  and  Cuprous  Chloride  (inductor) 
Dissolved  Cu  gClg  in  dilute  HC1,  making  an  approximately 
N/10  solution.     Titrated  30cc  of  this  solution  against  approximately 
N/10  I  In  K  I  solution.     Repeated  this  adding  25cc  glucose  solution 
(1  gm.  per  100cc  sol.)  to  the  CUgClg.     This  required  the  same 
amounts  of  iodine  solution  as  did  the  CUgClg  solution  alone. 
Reversed  the  process  adding  the  glucose  to  the  iodine  solution 
and  titrating  with  the  CUgClg.     The  amounts  of  each  substance  re- 
quired remained  the  same,  proving  that  the  cuprous  chloride  does 
not  induce  the  oxidation  of  the  glucose  by  iodine. 

Lthout  glucose)  Iodine  (with  glucos< 

30.2(25cc  glucose) 
30.2(25cc  glucose) 
30.2(25cc  glucose) 
30.2(50cc  glucose) 
30.0(25cc  glucose) 
30.0(25cc  glucose) 
30.0(25cc  glucose) 

Sodium  Hypoiodite  (actor)  and  Sodium  Sulfite  (inductor) 

30cc  N/1  sodium  hydroxide  were  placed  in  a  glass  stoppered 
flask  and  25cc  approximately  N/10  I  in  K  I  solution  were  added. 
To  this  was  added  varying  amounts  of  approximately  N/10  sodium 
sulfite  solution,  and  5cc  glucose  solution  (.25  gm.  per  lOOcc  sol- 
ution.); checks  run  without  sodium  sulfite.     The  mixture  was  allowed 
to  stand  at  room  temperature  for  thirty  minutes  and  was  then 
acidified  with  30cc  approximately  N/1  H  CI.    The  flask  was  cooled 
to  prevent  the  volatilization  of  the  iodine  liberated,  which  was 


Cu2Cl2 

Iodine 

30 

30.2 

30 

30.2 

30 

30.2 

30 

30.2 

29.9 

30.0 

29.9 

30.0 

29.9 

30.0 

17. 

then  titrated  with  approximately  N/10  sodium  thiosulfate  solution. 
Repeated  these  titrations  without  adding  the  glucose.     The  amount 
of  sodium  thiosulfate  required  when  neither  the  sodium  sulfite  or 
the  glucose  was  present  was  taken  as  a  standard.    From  this  was 
subtracted  the  amount  of  sodium  thiosulfate  required  when  the 
sodium  sulfite  was  present.     These  differences  were  then  plotted 
against  the  amount  of  sodium    sulfite  used  in  each  case,  giving 
two  curves,  one  with  glucose  present  and  one  without.     The  curves 
run  almost  parallel  showing  that  the  oxidation  of  the  glucose  was 
not  induced  by  the  sodium  sulfite  in  alkaline  solution. 

Na2S°3        Na2S2°3  Difference    Na?S?03  Difference 

(without  glucose)  (with  5cc  glucose) 

0 
0 
5 
5 

10 
10 
15 

15 

20 
20 
25 
25 


23.1 

22.1 

1.0 

23.1 

22.1 

1.0 

21.9 

1.2 

21  .3 

1.8 

21  .9 

1.2 

21  .3 

1.8 

20.6 

2.5 

20.3 

2.8 

20.6 

2.5 

20.3 

2.8 

19.5 

3.6 

19.2 

3.9 

19.5 

3.6 

19.3 

3.8 

18.6 

4.5 

18.3 

4.8 

18.6 

4.5 

18.3 

4.8 

17.3 

5.8 

16.8 

6.3 

17.4 

5.9 

16.8 

6.3 

Sodium  Hypoiodite  Z  Sodium  Sulfite. 


GrkphH-5cc.  Glucose  Solution, 
Ct&hphE)-  Without  Glucose. 

Glucose-  0-25 6ms  ,  Per  IOO  c  c  Solution. 

t 
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NaOBr  (actor)  and  Na  So  (inductor) 

2  o 

A      An  attempt  was  made  to  oxidize  glucose  without  the  presence 
of  sodium  sulfite,   which  it  was  hoped  would  act  as  an  inductor. 
The  Na„So„,  and  glucose  were  added  to  the  hypobromite  and  the  solu- 
tion  allowed  to  stand  for  one  hour.     Calculated  amounts  of  K  I 
solution  were  then  added  and  acetic  acid  was  added  until  solution 
was  acid.    The  iodine  librated  was  then  titrated  with  sodium  thio- 
sulfate.     Blanks  were  run  with  NaOBr  alone,  NaOBr  and  glucose,  and 
NaOBr  and  NagSo^  in  order  to  get  checks  on  the  reactions. 

The  results  varied  largely.     It  was  found  that  the  reactions 
did  not  proceed  directly,  and  that  a  very  small  amount  of  delay 
in  back  titration  varied  the  results.     These  therefore  could  not 
be  interpreted  but  it  is  doubtful  if  there  was  any  induction. 
Sodium  Hypobromite  and  Sodium  Sulfite 

Sodium  Thiosulfate 


20cc  NaOBr 
20cc  NaOBr 
2occ  NaOBr 

20cc  NaOBr 
20c c  NaOBr 
20cc  NaOBr 

20 cc  NaOBr 
20cc  NaOBr 
20cc  NaOBr 

20cc  NaOBr 
20cc  NaOBr 
20cc  NaOBr 


5cc  glucose 
5cc  glucose 
5cc  glucose 


10cc  NapSo7 
10cc  NagSo^ 
10cc  Na2So3 

10cc  Na2So3 
10cc  Na  So 
10cc  Na^So^ 


5cc  glucose 
5cc  glucose 
5cc  glucose 


6.35  1  hr. 

8.75  3  hrs. 

15.95  3  da. 

7.00  1  hr. 

8.80  3  hr. 

15.00  3  da. 

4.55  1  hr. 

6.65  3  hr. 

12.45  3  da. 

4.25  1  hr. 

5.15  3  hr. 

10.95  3  da 


19. 

HE 

CONCLUSION. 

In  this  paper  an  attempt  has  been  made  to  find  a  new  volu- 
metric method  for  determining  glucose,  since  current  methods  either 
require  the  use  of  an  outside  indicator,  or  fail  to  give  very 
accurate  results  with  very  small  amounts  of  glucose.     It  was  thought 
that  it  might  be  possible  to  make  use  of  a  reaction  in  which  the 
glucose  would  be  oxidized  by  induction,  thus  permitting  the  deter- 
mination to  be  carried  on  at  room  temperature  and  tims  avoiding  the 
irregularities  commonly  introduced  when  solutions  need  to  be  heated 
in  titration.     Determinations  were  made  in  acid,  neutral  and  alka- 
line sulutions^ using  the  common  oxidizing  agents  in  the  presence  of 
a  number  of  different  reducing  agents^  likely  to  serve  as  inductors. 

To  establish  the  fact  of  an  oxidation  by  induction,  it  is 
necessary  to  compare  two  series  of  determinations  using  varius 
amounts  of  the  inductor,  with  and  without  the  presence  of  glucose. 
A  comparison  between  titration  values  obtained  with  a  constant 
amount  of  inductor,  as  has  been  attempted  by  certain  previous 
workers,  is  insufficient. 

It  has  been  found  that  the  oxidation  of  glucose  apparently 
not  catalysedby  the  simultaneous  oxidation  of  other  substances  in 
solution  with  it,  and  it  appears  to  be  impossible  to  make  use  of 
such  a  reaction  for  the  quantitative  estimation  of  this  sugar. 
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